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(54) MAGNETIC RELUCTANCE SPIN VALUE SENSOR AND MAGNETIC RECORDING SYSTEM USING THIS SENSOR 
(57)Abstract: >, 

PURPOSE: To improve the sensitivity of a sensor by forming a fixed layer having a 
multilayered lamination structure. 

CONSTITUTION: A Ta film of 70mi is first formed as a buffer layer 62 on an Si substrate 
61 by DC magnetron sputter adhesion at the time of producing the spin valve MR sensor 
60. Next, a free ferromagnetic material layer 63 consisting of Ni81Fe19 of 70mi is 
adhered thereto in the presence of an externally impressed magnetic field in such a 
manner that the magnetization direction heads an arrow 64 direction (toward the plane of 
Fig.). Next, a Cu layer 65 is adhered at 27mi thickness on the Ni-Fe free layer 63. This 
Cu layer 65 functions as a non -ferromagnetic metallic spacer layer. Electric leads 80 for 
forming a circuit route between the MR sensor 60 and a current source 52 and a sensing 
means 84. The magnetic signal in the medium is detected by the sensing means 84 which 
detects the change AR of the resistance value of the MR element at the time when the 
magnetization direction of the free ferromagnetic layer 63 rotates in responsive with the 
impressed magnetic signal from the recorded medium. 



- 


























LEGAL STATUS 

[Date of request for examination] 31.08.1994 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the examiner's decision 
of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 2786601 

[Date of registration] 29.05.1998 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



(19)B*H4«lPJf (J P) 



<i2) & m & & n (a) 



#W¥7- 169026 

(43)^MB ¥J>£7¥(1995) 7J!4B 



(5i) into. 6 mmam fffomm&n f i smw^mm 

G 1 1 B 5/39 



t3&St©&46 OL (£12 H) 



(21)ffilg#4f 


#S5i¥6-206311 


(71) wax 


390009531 










(22) MSB 


¥j£6*p(1994) 8 E31B 




X • n-tfWfva > 








INTERNATIONAL BUS IN 




08/139477 




ESS MAS CHI NE S CORPO 


(32) Sit B 


1993^10^ 15 B 




RAT I ON 


(33)ffi5fct8£5iS 


*S (US) 




7*U*>£-*B10504. -i-3-#*H 














(72)f£BJ« 










7*'J*i-8*@94062 i)Uy*)V-7tii 
















U-h 502 






(74) A 


#s± £h & (^2=£) 











(57) 

»ffi#t (MR) -fe>-y-, 2M«t©*>tf£m»&K»l3 



50 




—189— 



1 

QimmRWaomiz. iwESg 1 ©&&tt#@cD58to>7 

£j£U m(BB^2roSfi8tt^^ tBSHcE&fiBttWtc 
^$nfcmi*J;^«2(D3SS8tt^> te^tflccco 

[St^^H] ?S2ro&&ftfrJl+<£mi:fe±tfSg2<D3a 

iiifS, sf*^2lcta«rojKmfitt-fe>li-. 
[S*^5] m2©3£i&ttfrB+0>mi£4;tfSg2©& 

m&fcmtf, Co, Fe, Ni. i5itf-?-n6C0£&fr 

Ru. Cr, D-^A 
(Rh) . (Ir), *i<ktmie><Z>£&^ JO 



#§f!¥7- 1 6 9 0 2 6 

2 

*SZ\ W*JSltCgB«(<Dfi5affitt-fe> 

-y-. 

3] 

mmft&ft&vts.^mzmfc®%mtt? s s s m& 

itii\ft\z£&mzK¥-fttim.fc-j5fa*^'tz>&o\z, m 
i <Dwi&mL&&mzRm&&mz%i%i£i\tzW, 2 <z>@ 

^2<DS^fKtt^lC^igb^n<!:S«t-S. KI2<D 
[1*514] ?glCDH£&«tt#B?<h!g2<D0£3£l8 

&&Wk<»Tm&i&mm)%i%mm*m\z ru* 
Avi^&agm-fc^-tr. 

[MfjJWUS] RuH!tfi8ttWife^O0^^3~6 
[B*116] mi*ct^2(Diag?Smtt*K*i»* 
CSlR^ 17] 3§ 1 *3 <fctf£5 2 roS^3Sfi8tt*KA?S* 

miz&m&frm<nffl<»R&m&tt%i£mm*mzc r 
x tf > • Avu^suast-t: >-y-. 

Cffl^l 8] US1 *«t^2W@^3fi^14^*t, C 
o, Fe, Ni, feJ;D^ftSOTilr&^e>ji£58M>e>g 

Cr, UWL. (Rh) , -f'J-^A (I r) , fcitf 

c»*jb 19] si nm&m&K tm 2 cos^^att 

[»**2 1] «*A-f7XlHfcl»tt-ra»2<0HJ6il 



—190- 



(3) 

3 

[w*^ 23] s m%i.m&#-m tw, i <D®jzmm&»m 
(DttnoitmiSLfcx^-D-mtf. si. 

*m®Lhtz>. mxm 1 3 tcte«©x t!> • wmss. 

M*X2 4] is i mmimmimm&x*— n-mtzm 

#m#iox^- 9-jB!c«fcoTs^ic^(Bsn^ i © 

if 0©Bf (C. ffilBSB 1 ©$&tt#Jl©^b^lRl#iWfS® 

[i*A2 6] m2<D%imtiifrm*<DR%im&&)$i&m 

JS2 5 iCie^CDvX-xA. 
[ffijfcSi 27] Ru £%ttf£$||S£gt0J93 jW» 3-6 

JM2 6lCfg*t©->X-rA. 

[«*«2 8] ®2©^l8ttft)i^rof51*5 < i;^2© 
»«ttft:il*«ai*eSlCN i -F e^e>*/£;s*13::££ 

3i««:#gi*«**wcF e a> n. as 1 ©5$&#. 

MtS2 ©3S«te#IK©fW©£ia«ftW*£-frlBW<£* 

mzc rftt>mfci*nz>z\£*®w.£tz>, 

KfEfcWvXT-A. 
[tt*JS 3 0 ] $ 2 <7>m&'»&®t¥<»'% 1 33<fctf|ii 2 © 50 



«fM¥7- 1 6 9 0 2 6 

4 

9M8ttttlttf. Co. Fe. Ni. *jj;i/-^ne©^ 

«£BW«. Ru. Cr. D>»}A (Rh) . -f'J>"7A 
(I r) , :fc.±tX^n^©^&a^J&£«¥;^'=>Mfl!Sn 

®©->X^A. 

C«*-«3 1] a$2©3&8tt{fcH*©lgl:}3j;tfm2© 
3£BHi&BS©J¥$ #K KPI C -V&Z Z. £ if -5. 
»^2 5 CfEScWS'X-r A„ 

[a*j|3 2] Kmm&mz&m2nrzmi<Dm&&<* 

&MIZ-VU-C&Z ZtZftWifTZ. ffjRJE 2 5 fCfE« 
fiStt^Rror^O^iStt^X^— 9-^*t. & * 

E W*«2 5fcE«© 

:>X:rA,, 

[It** 3 5] R5l«tt«£©2K«/t-f7Xli»«, »-V 
(CfEffrDv'X^A. 

[Men 3 6 ] mmm^-r x v t, 
©t— ^t. 

7 s -f X £ C 4tt£UE£ 3 nfcx-^ Sr®»T-5 fc«6© X fcf 
> - /VV7Wgffilftk>Dr£, 

Xbf> • A;U^TK^tffi36i-b>-y-*-5-©±fc^cOftft-5S 

^ T-k#{Q\z*mi3mzmfrTittb<»79 

* f U -V S 7 s / x £ ©ifi < tcJft^-T 3 & * tc + *u « 



—191— 



(4) 

5 

ag2CDH^fi8tt^R!tP«Lcntg5»-rs. 3£2© 
©E£5£B*tt#R<!:Sil 2 0H£a8ttfflR(Z>M<Z>£3HB 

r u * 6** s na c t t 

f*. BMSB3 6fcBE«©7VX£ • H5-fy. 
[M*9I 3 8 ] R u S3SfiSttW^R©J15 3-6 

:*>yx bn-<L<Dmm-v&zz.tz®mt?z>, ant 

m3 7KSSffc©T f -f X# • 

*5«fctfS?l 2 ©Hj£!Sn8tt#:R*tS*»K:N I - F e 

x^ • H7<y. 

&j£&mitftm<DtsitoR&m&tomGmi)m*mzc r 

o, Fe. Nl, feJ:tf-tnS0>&&*»6rt*»«>6a JO 

HSft&*mT?«*;*ft. s3MBttnttdii«t. ru. 

Cr. D5?9A (Rh) . -fUv^A (I r) , 
^.CtSr^^tf -5. I»**3 6lCiB*©x-f X^ • H 
[•#fll4 2] JB 1 ©@£&&tt#:Ri:2g2©@£!M8 

©^tt^R©iEi*©«8M ; &-/>h^**6<)IClfa-r 40 

^s^isttin, m#m3 eizem^^ x<? • 

[i*14 4] a. &. fl. * 

»*«3 6(ifB«©->X 
[»#3t4 5J SB 1 ©HJgSfHBttfrUa*. X^-it^lC 
6 CBBfe©?^ X £ • H 5-f 7. 



#H!¥7-1 6 9 0 2 6 

ff 

nfc»»*»6*<5ttS«*frs. tt#Jg 3 6 {Cf5l£ 
©x^X? • H9-f 7. 

[$§9i©i¥«fflfci»3B] 

[0 0 0 1] 

[a*±o?uffl»«p] #«9itt, xtr>-A* 

3t3ft«Hi»S*«-r-5-?-©J:5)i-fe>iJ-, *5i;rX^©± 
[0 0 0 2] 

ur©^ifco^?©fitfc<i^ft;^ffioT. ewe^ett 

ffl-f*. IBM rcorsairj rwX£ • K9-f^ 

^Sffift3$»«ffi©;5fa£©K©a&©sk&©a3li: 
LT«fll-*-*tV>3, S^ttlSStggt (AMR) S»*K 

[0 0 0 3] g*BAf&tt (GMR) tPf«n*. **l 

t * «t o KVttflta&ftftt. 6«©fiim£jf 

i©GMRSS^«. $£Hatt#Jf© 
^^K^mttiKn&^-rFe/C r. Co/Cu. Co 

-*fc**t*«'fl:BiRi*«Bifesn*, as*wicis^*n 

[0 0 0 4] GMRCDHl:fffla(£:fflM(i. #1814^)1 

>H-f 9^«ifi'C»«. wOHfttt. ^-T>^> (F 
e-Mn) »±lC#att^««|&M*UT2t>©SISX 

ff^©*-»?^BBIKff©??flET-t?aSlC[Hl«-r-5, Xfcf> 
•/tA'^ttMStt (SVMR) ■b>-9'«(ff&n«. *ffl 



—192— 



#b?SS5 2 0 6 5 9 0*lttS#6<j£:Xfc!> • A'J^MR 
t>f4iiiLT'/^. *m®Vtm5 1 5 9 5 1 3f 
«. MH8tt#:Ji©il>*< <h t>-##aAVUh altera A* 
;Vh^#<DgT?*0. S£3n&9ftifttt{M^5aHBtt 

SSKSMtan*. Xt>-^MRt^£lil/ 
[0 0 0 5] fifeitt^W^^t^fe/ii^y'f ±S 

• w^^-r *xtr> • /w?MRt>tu, s^a io 

mi&Tz>moi^<Dmm\z. h^sk^o -caftan* 

SMfistLtit, *©«#**&[&■£«£«!■*- 
*. xtf> • A*;i/^MR-k>-y-ic43^Ttt. assm«3*T 

«te:£iR]a«5— Tfc<fc*. 
[0 0 0 6] SAftiim»JI&c!>im9US^ ( ft/h'V 

[0 0 0 7] 
[0 0 0 8] 

nsB&ntt. s^isewtx (a 
MfiltAF K sir $ n* tmaia&tt IC £ u 

fc^Ttt, HjtlftJ. jpa*53~6;*>yx hD-Affl 
•SKBO^x^^A (Ru) mz&^XftmHtt-vT 
(Ni-Fe) ©2t3©**»<S»JsKdna. @£ 
SBHSftWOBftt*— * > htt«SlcE¥ff K*HLT 

I,**©-?. 2"3©a«tt#fl8*B«Hi;j?4c:-rac:t 

tw<fcoT. 2 0<7) ;: E-^>N^S!C{a{£fT^tfi-rci 



- 1 6 9 0 2 6 

8 

©«*#*< &o, aaEak^x^Ac^ttsiEakttaE 

[0 0 0 9] *»W©ttR*«ktf«£S3 5 

iftiB£#Jian*:V>. 
[0 0 10] 

[SlJStfl] *56^©MR-fe>-y-S: > EUfcjjVr«k-5t:. 
eSa^-f X ^ffift ->XxAJ-*5^THJST-5 fc©<h LT 

T»flW*tt«5>^A • T^-feX • >UEU • ->X?A 

[0 0 11] BaiS#«t5t. MRt>ti-ftfflH5i 
S©ft*#ffi©xw X£ • H7^y©«EB8Bf Biad^S 

nrt>*. x-f^' K7-f^-xiot*n-i 

1 £<§*.*. ^-x 1 o icfix^x^&a^-* 1 2 t 

T^olI-^ 1 4rt*5t9tttt£ftT^-5. ^-X10 

A93?>^t«Bfc-r*. a^«> *-xiofc*/t-i 

y©rt«t5i-arai»©Bi©jE**»K -r*fc»© 
/jnswmhfl (Hs-a-T) aw* ens. asueftxw 

Xi? 1 6ffi;\zfl StCcfcoTigK)*-* 1 2 ICjgiigSn 
*. ffitSiiHSx-f x^fieiftt-^i 2lr«t^T@te^ 
n*i5CAy»c«t-3TB«r : E-5'K*iisan*. 

EStV X£ 1 6 ©%af±icffV)%lMfl»Bt 5 Otfttft 
an*. flPRD/'fti&ft'Xy Kt^f-7>^Ta- 
U-2 5*!. X7 • ^T'J>y • X7-fy2 O^i*©^^ 
U^©^»SS±fc^an*. S7>Xfa-*2 5li 
Sf«SKffif3/Sii*-h7>Xxi— y-t?fcct<, gTlffi 

■w-rsaHwaafits (mr) r*q h?>xra-!)- 

2:fl-r*^^#)i^h^>X7 J a-— y-Tfe«fcH. 17- 
0^itX^>v-3>2 4l:iot7^faI-J' 1 4CS 

is an*. *m>->3>24H, x^-r^2 o&mn. 

X^ 1 6 ©*®_hlCi¥btttt*AW 7X7j£tt 
ttT*. 5*-fX* • Kv-f ^©gfc^+li. Kid^-^1 

2 tt«fte»x^ x* i 6 *«araa£3tt, a«»u 
x-v • #-rx • *e—f (vcm) ^fcfiiae^ 

-fX - )V • t-^T*l.7?faX-^ 1 4*1IT 
•'<7'J>y-X7'f^2 0^ — RfcBJWaakT*^ x 

* i 6©^B£®WoT¥g#fttc&»a-rr, ^mo 

/S&a-'vy K**«Siig2Sx-<X^ 1 6±©«-<?*x- 
^ • h7-7^(CTi9-feXT$*<t ^tC-r*. 
[0 0 12] H2I4. 1 l^Lfcx-fX^ • H 

^-fy©i*)^©¥®iaTab*3. X7<^2 o &mm?.m 

"t^T,^ 1 6lC(pJ^oT»b#«t**Stt*&-r*^X^ 
>2 4€;8¥ffl{r^-r ; b©T?**. -9-XO->3> 
tt, #Hltmg4 1 6 7 7 6 54»*M»K8B«SnTl» 



—193— 



9 

nt&ffift%:ft?tZ><ko\ZUZ>o h7>XTa-D-2 5 
»4, 7- A 2 2 ±Ktt«r**«@tt9 1 y y 1 5 rtOfs 

*«En»9 t yytt*a>ffl*«*«^r--y>Pl 9*^UT 
21 -So 

[0 0 13] AS!«J^m5lx^X^fE1t->X5rA(tt3^ 

T©_hfE©i&BJ3. 1 ta 2 

[0 0 14] *(C0 3S#Mf-5t, t£*©xbr>-/\* 
JU^MR-t>-y-3 014, tttZ.it. #7X, ±?$.y 

2, £©j8M§&2£« 3 1 -tOj&Ri 

\zmmm3 3i:, mi<Dm^vmm&fcm3 st, 

3 9 itfttSSnS. MRt>*3 0li aiMM 

2 0f-f7? • H5-f ^XxAfCiStt* h7>Xr 

• 'J J ?T1i.t>*>X.7 • • X7-<y20© 

aHBJW*3fcL.ttV»£Stt. 2offlMttft:13 5, 3 
9«, ■?"tVe f *l*BSK£;f?l3 2. 3 8 T^J: 5 IC. c& 

3 511 g3 5ro±CO«^EPT^-rJ;5i^ *ffiQttP 

<H3l;:*-r«#h&£) fc*UT-tn©«ft;;i5fto 

3. 311^13 9(1 ^EU3 8T*^-Tcfc5(C, ^©fiS 

ft:£ft7W3;L^@2ftic@££nT^5©T. rajgj 40 

t if an*. Htfft«»v>«austt«**rr* 
ss«A-f 7x««©»BtB4 1 tmm.&&m 3 9 ias 

7XJ1 4 llilS, &-T>#> (Fe-Mn) 
<yjU-v>#> (N i -Mn) fct*. 9£&K3fUB&fle 

Tabs, fc-suia. £ 50 



*W¥-7- 1 6 9 0 2 6 

JO 

[0 0 15] ^4«S3CO«ii«»fBETS.S75i. £EP 

n^«fc9lC9 OSlel^S-ltTc&So @£&SSft#B3 9 
tt, >t©#*U^»fl:ofc*K, ^BJ3 8tit<i:3 

— *> hCNXTSttJIL (1^3 6t*t) *tga& 
fi&tt#Jf 3 5 fcfWH *&S-T. ^©®jstt&ji 3 5 ©ss 
rts#|fO CHffi^(n|*^*fiI3 2) ttH3feli(DWt;*[ftJt 
*fLT&9 0«©A«£j£-r. H£JMH£fMi 3 9 A»6 
©COi8#C«k-DTaffi^Kttfl£B3 5«P©ffltffcaSFJ9 
— Kfc*. i*&mtt#Jf3 5t4Xfc?> • rtA^MRt 

[0 0 16] *»MK6^TB. *-|g©@£3iil8tt#: 

[0017] *iew©xe>«/tjw^iia©»sixv»* 

MR-fe>U-6 0 S:Mii-r-5S:S?>, £"f ttSlT?^* h □> 

)V (Ta) R*->U3> (S i) Sffi6 1±I3MtJI6 
2tLTftflfc. #!C. «tofr|*U&tfcBl6 4©#rt] 
<H5<OiKBB^InI*»5) t*c*J:5K, fl-g&EPiJBfiSft© 

mtt#:S6 3*ft*Ufc. *t>-CNl-FeSt!6 3 
JitClB (Cu) JS6 5S2 7t>^Xhn-AOf|Sl: 

ttf*. CO*JS«K*V»TttCu*X^— tt-lilt 
/HV>&#. S (Ag) , 4 (Au) i3«k£R-ttSCD-&5fe 

«. ^©x^-- y-jse 5 iicms^snfciPS 3 o^- 

>yxhn-A©|gl©N is, Fe, s 17 2 t, i©m 
1©N i - Fel7 2 ±K^*StlfcJPS 5t>^h 
□ -A©;U-r-^A (Ru) K7 3t. C©RuK7 3 
±C»«Snt»3 3 0t>^ha-Affli2CN i 
• i Fei»R7 4&£&tr£SflMIJltt£-V&S. 2 0© 
S^^lK#.#m7 2 t7 4tt. e*3SfiS1*.N i -F ei 
6 3©ft^«PICWJD$n-Sfflt^&«l9 OSlHlteLfcW 
iD«#©*ftTT^S$-ttfc«, *UTS2(ONi-Fe 
17 4±ICffS 9 0^">^X b □-£©&-•?>#> 
(Fe-Mn) K66Sr#«PLT, 12©Ni-Fei 



—194— 



11 

7 4t«^X»attfc. Fe-Mnl66il: 
PS2 5sJ->^X hD-A©Ru=^-y:/|f 6 7 * JBf£ 

a) , vJUn-^A (Zr) . SfcttCutAuffl^ 

[0 0 18] S5tCte, MR-b>-y-*{SmtH®->XT-A 

5©wiin«a«^K*»uTe*3ii«ttfl£« 6 3 omit 

[0 0 19] ^ISHI7 0t©2^©N i-Fe®7 
2, 7 4©«ft;#rti*r*ft-£ftfcBl7 6. 7 8T^-f. 
2O0Ni-Fel7 2, 7 4(Dm<t^KW-n\t^mt 20 

*>©«:. ru©af^ik7 z*itt*ELmm&m 

2 "3©N i - Fei7 2, 7 4 ©JP3;Wf ffiUT^S 

t, a^a 7 o ic^tt^iEiftroa^t-^ > h*is*w 

tr&<ft-5. b/i^oT, HSl7 0l:J:-3T^i3n 

SilSB'HL&Jf 6 3 OBflS^F^I 6 4 KfM^RaTajWSfc 
ftbftH. 

[0 0 2 0] *CH6*±tfH7*#ISt«t, ttfrtt JO 
SLffitafii A R/R (^&#*©ffiln{il©tf SO^iS^fiB 
ftC&ftttT&bfct)©) t«^«Sjt©gfi3©H«S^T 

g£*©^tf> • /u^MRt>-y- mzK.7fr\stz.mm.v> 

*>©) icoi^Tw^^^-ra&t). m7teEl5£#jibT 

-ca*. E7H causae a^B*feosiig©ffi«^ 
(txfu ->xfiia©<i) antefe©* tr> • A-ju^jg 

r, w^cKft-e^KWttti^, assays©*-;* 

[0 0 2 1] BI5lC^LfcSWS0JlC*5^Tte. tSjT&ffi 

ft^p 7 o a 2 zxDRw&tirMzmsznfzm 72,7 

4£^s£r„ ^-ne.©Jl«^-©AF«S^7 3lCioT 

frittsns. @si7 ottAF«t^Ricj:oT»(iatn 

[0 0 2 2] flUBB£JB7 0f©Sfflft#l7 2. 7 4 50 



#I?7-1 6 9 0 2 6 

12 

AFSg-&$|7 3©^»lC^K$nfc«^{CJSi; 

^>»SL^AF)^^©p$*i?¥ft-r-5o #£b^Ni 
-F e/Ru©3fi^©Ji-&ltlS, RuOAFig#i© 
J¥££P3 8£#fIbTjHRT#£. II 8 ti&Sl5&^£J? 
cf 3 0t>yxhD-i«N i so Fe 20 /Ru ©&•&-& 

r u x^— y-momz ©w& t ut^ bfc^ 

C©^fiH6i©tf-^ (l28lCAFibT^ 
T) »4. 2^©N 1 -F elOIMt^^fL 
T, 2 0©N i -FeKfroiSSl^-^Oh^a©^ 

tc^-r«ko{c> &*©KSHKtt£8MS-S3fiStt»l 0* 
>>?xhn-A<i:r)m^m2rm$i?5. bfrb. af 
«££lg&©J9£te. ®S4'T^S:©fcf>^-JU*i4r^.i5i' 
i<LTIift5ftt>. **©e>#-;iiMR+T?&-r* 

*©S»«tttS^O!ISt»»SRtf-r. bfc*<-o 
T, Ru©«-£ftC(4. »*H^IP^ttij!«l3~6^->^X 
hn-A©i5fflT*5. b^U C©ttlsj©ffi^-a-T 
it Ru AF«g-&IKfflJPSS!8']©«» tcLA.\tm2 0 

Ru©J?S*U Otf^XhD-AiO&l^^JcDfc 

a<&-5. lasK^t-fcw^ftiiWftfc©-?*^ s 

JR3n&»»©tt'&-&0»«IS'&W«t4, Phys. R 
ev. Lett. , Vol. 64, p. 2034 (19 
9 0) ffiWi<Drt-*> (Parkin) ^©H^lCl^b 

[0023] &mmm® 7 0 £«err 5 2 ^©3gfi£tt# 

17 2. 7 4©J?$^(a)t;T*-5i:-r-5i:. 9NkttiCtt 
@3tJB7 0 ©IE*©*-* >M4ifnlCtt* 

tgTttfc^©-?. @5£B7 0©IEl*©5Ba ; E-*>'^ 
^;£, iE#^#»^D-feX©^^©^mtLT> 

.feiici-sjitdtaibirJCtt)**. c^-T-s^ttr 

Aot, /h* V^iIJf©#ftTt?iti 7 0 ©BHfc# 
S^lCfc 0 . H^Jl 7 0 ©EB{t;£ft#t^a!lT#£<±; 5 tC 
§0SM«7 2, 7 4©WSft(M»r 
-S)CtfCi;0, F e -MnI6 6©3?*/W 7X1S^ 
[RjiW6!ffllT£-5. rtl(i*-5S©MR«ijt^*3^TMS 
bViCt*<»-5. 2 O©^ 7 2 t 7 4 ©iE*©^^- 
^ > h«2 -5©^©o^J?^©K©fi8ri ; &-/> hf: 

-e©BBffc?7l&17 8^*«t»©aiJU«iHcTfft 
tSSo Fe-MniWfsnsi. -t©«fl:S;iaittft 

[0 0 2 4] Xfcf> • A-JU7 r MR-tr>-9-+©ffi^H^)S 
^lKf*^ii«fcy:AFi^^ibT-?-n-€ : njff*b 
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ti{J»N i -F e3o£ZfR\i&&imLtzt&£lZ'3^T7K 
m<DmW<»m€rti, fct*Ji&/?DA (Fe 
/Cr) «\ ftfJW&fiBtttm (fct^BCo. Fe, N 

i . iScfctf-tftS©-^, fct>L«N i-Fe, N i — 
Co, Fe-Co) £tt©AF«r&IB (tztTL&Ru. 
Cr. Dy>)A (Rh) . -fijy^ (I r) , 434;tf 
^ftS©£:&) t»ffl^-a:feoItg-e*-5= l^U ^© 
•kSfctWOfcl&^ttK'PHT. Ni-Fe/Rul:M 
LTH8C*LftJ:5a:, $Bfi32SUS£HflW»<&ftT 
V»«tl»«^, 2o©fS«1$#|g©fflTEfa«ttie^#?8 
« 2 ft -5 <fc ? IC A F *&£l8t©J¥£ £3fiR-? # * ± -5 fc. 
£©BII&Sfc5£Lftttfttf&Sfc:V>. CuX^- 
ii-16 5iCRSLT^«Btt9lttttfMi7 2l±#-ON 

i-Fe|t?$5*l, i -F e§L C 

ifc-c^*. *ft&©cojm*H:>tf 

aa*icaBE-r«»&*>MBc«iAa&». 2-20* 
>s<x ba-&<Dmmtit®.mm<m&2nz>. 

[0 0 2 5] ZttbtLT, *K**©««CHUTa 

[0 0 2 6] (1) IMMfcfcX*— y-JBIC±oTHV»fc 
SHBSftfcSS 1 ©3&&tt#@£ 2 ©$«Stt#JI£ 

■A. BHn«»*t-tfno«»c. swam 1 

ttWKie^aftfc*l*J;«*2©3l«ttft:R. ft sat 
$^l:I2 ©3$ffitt#JI«P©-;S©5iiifiBte 

KRu#e«dcaft*;i£*4*«d:'r-B, ±12 (d k 

KW©«««{rvte>1i-. 

(3) RuifflB3«3~6t>y*XhD-ACD»i 
TN&SZfcfcfcftiT*. ±12 (2) ££«©«&«& 

(4) tt2©*81^ffifi©flU*J:ro2©aBttflc 

N i -Fe*»6«l(jE*ft*ilt&Wafr 

*, ±ia (2) «:ia«©aaa«[-fe>u-. 

(5) M2©9fta&flcj|*©m4U:ro2©9MH£ft: 
Ka***«KFea»&*|JS;*ft. HS2©3&35£#)f *© 

(6) SB2©3a«ft#S*©mi *±tfSB2©!8fcttft: 

Rat, Co. Fe. Ni, ftJcDt-eftero-o'^^s^,* 

B*»6atRSftfc»»T«J6aft. 35 2©3$fiBttf$:|f + 
©EftfiBttWte^KA*. Ru. Cr. Di?^A (R 



(8) &BS¥-7- 1 6 9 0 2 6 

h) , -f iJ-^A (I r) . *5«fc tf-?-ft £©£&*> 
*»*»6)BiR*ftfc»»THJi*ft*i:i*»«i:r 
•5, ±E (1) Kf28©fi£Sffita-fe>-tr. 

(7) »2©«BttfWB©IE#©«ftt-*>hi8S** 
Wfc-i?nT**^t*»«i-r*. ±12 (1) IC|2«© 

(8) «2©&«tt#li*©mi:&±tfSl2©3IM8«i«: 

*©jp^*«h:ri;-c**;i ±12 

(1) tCf2®©&SUgia-fe>-tr„ 
JO (9) IB2 03*«tt#li(tiOX^— 9-Uc»»f*3»« 

±12 (1) {c«a«©a««tt-fe>-y-. 

(1 0) S?2©3§MBtt#J8«P©lO© 

^jsft^K t mm l c ft t»»-r *E»«tt*o«« a 

-T7XJiS«A*CtS»at"r-5, ±12 (1) Kf2« 
©ffi£tfS*ft-fe>-tf-. 
(1 1) E&fiBftttB**, «-?>^>t-7^-7 

>»>38>6ja*»*>6a«sftfc*j»*^trct*»« 
t-rs, ±12 do) tc§2«©aMigta-fe>-y-. 
a? (12) *«e#x^— y-jBjw*. &. m. *j«ttf«. 
& *©fcfc#6j**»frS*«£ftfc*m*£trii& 
£#&£-T*. ±12 (1) lCf2«©{K»8ta-fe>+i-o 

(13) *«±K»J«SftfcJi#*«i:*« 

»i6*t6&S»itt#it. gAlfttt&ffcJIlCM* 

^«*#-r*m 1 <Dmmm&&&mt. m 1 ofasiis 
30 mcMftu m 1 <n®fe&m&ftmowtijfa\z£&#} 

#ii:SSl«ftBK»*3nfc» 2 ©E£3&«tt#R 
i, |g2©H£&«tt&Rtcl$8bCft<b&M-r*. Sg 

)fc-r5fc«&©E&«f£f*:©£&/W TXltSiASr 

(14) ^1 ©a£9MttttttK&Sg2 ©Bftaftttttttll 
ut^ittl., ±12 (13) t^|E«©Xhf> • IVV 

(15) RuE3fi«ttWIS^K©0a*i«!l3~6*>^ 
x ha-A©$5ffi-e&s *. ±82 (1 

4 ) tcK«©x f > • wmsuast*. >+)■. 

(16) Bl*J:tfm2©n^tt£4M0rattt:N 
i -Fe«>6«|j«Sft»J:t*1»«t'r*. ±12 (1 

4 ) tcga«©x tr > • /wTos&tt-fe >-y-. 

(1 7) «M«J:Cm2©B£!M8ttttKtf&4:at|CF 
50 j«Sft*Ci:ftWili:-r«. ±ffi (13) ICg2^©XtT 
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(9) 

15 

(is) $fn*<fctfs&2©Hjfc&«tt#i8ia<. co. f 
e, Ni, *5j;^n^©^^e.fiK^»^esiR$n 

Oi^A (Rh) , -i'JWl* (I r) . i3«fc^n?> 
S»«tT5, ±12 (13) tCf2*t©xe> • AMI^IB 

d9) si <nmimmi8iftt&2<Dmfe&m\iftc>m 
z&mmc-?&zzt*<&mftz>. ±m d3) t w 

f2*S©Xfc!> • /NVl-^SMffilrC-fe>-y-. 

(20) fc&m&miz&i£2nTz.mi&£zf%i2<Dm%. 
s^t^atn, iia d3) cf2«©xe>-A 

(2 1) Sfc/X-f *82©H£»aHtfl: 

±82 (13) C:f2«©Xfcr> • /W:/ttftJ&tt-fe>HJ-. 
(2 2) E3llBtt#©SE«A-f7X»*». &-v>#> 

»*»6*ja*n*^t*w*t-r*. ±e (n) kb 
(23) s fti&m&frm tts i ©@5£3&sBttftBi©nM© 

#Btt*X'<— *JBj5*. ft. M. *3«fctf«. M 
©€r&fr 6 A*** & S nfcim&*& C i 
i-T*, ±8E (13) lcB«ODXtf>«/t^«SMH(t 

(2 4) mi ©H«H«ttMM*X^— tUSCBST-S 

»^coKs*tfnt«'#*t-r«. -tie (i3) tcte 

(25) ^-^^sets-r^fc^wssccoh^-y^^^-r 

«tt*l£1lt«Eft:<>:. «&«ifrfe>U-ft^*. «BS(±7> 

xfa-t)t s*faf2tg:!«#© nottttsn + creus* 
t> tsir a mzmssx&vm& t> ecu $ nr n * x- * 

X^-»lCJ:oTI^lc»*Snt» 1 ©3£B£#lf 
*3«fc^2©3fiS814ft:e&tSA, WMMMfiliaam 40 

. ic, mem 1 osfiBtt^gcjs^^i^^wsam 2 ©ssra 

tt#M©efc;&|filfc;ltUT*3a«*jSU i!ijg2S8 2© 
»«tt*JB*t«HlcKtt«ttWC«l^*n&JB 1 *5±tf 

^tt»*i-r«. asueias/xxA. 

(26) 12 0&rat*B*0£9fe8tttttt£KAt£* 
«!:Ru*»5isESn«utS»att4. ±12 (2 

5) tC|B©©->X?Ao 50 
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(2 7) RuR5l*tttttt£BI©J*a# t tt3~6:fr>^ 
X bn-A©$fiH-t s ifc5;r<>:£#?&£T3. ±82 (2 
6) KIEiftCDv'XT-A. 

(2 8) &2o&m&fcm*<Dmi&&ztm2<D&mvk 

T£> ±SB (2 5) i:Ei»->7fA. 

(2 9) Jg2©®Btt&Ji*©3il:&±tf!g2©3aSB& 
#BI*«at*WfcFe*»&*l)(KSn. ??51©3fifiBtt&BI£ 

is 2 <D®m&fcm<D ffl<DK&m&m&i-s;mt>m*fMz. c 
rfr*,mi&2nz>z.tz®wit?z>, ±m (25) \zm 

(3 0) ?S2©3£Btt#Jf*©m:fc±tf?f5 2©3!lfi8£ 
ti=JBia<, Co, Fe, Ni, iJ.t^neco^^*^^ 
3 nfc«8T?|«§ Sit. KWHttmi-frgl 
Ru. Cr, D>"^A (Rh) . -f >Jv^A (I 

r) , ^i^new^Tj^fiSss^^a^anfcw 
^-e»ii$n^)=:i:*^t-r-5, ±e (25) \ztm 

©i-X^A. 

(3 1) S2©^BttftB4 , ©Sl*5<t^2 03fiBtt 
*K©»S#KtfRi;T»* ±f2 
(2 5) (CfB^Wv-X^A. 

02) E36BttW(caaanfcmi<iD3Sj8tt^ie*«fc 

ifnT*5Ct*!t#®±r5. ±E (2 5) tCfB«©-> 
Xf A, 

(3 3) iflJ3fi«tt#:IBt::niC»S-r«)S3£3ilKtt^ 

■Kowo^att^x^— tf-jnat. *. *±tf 

ZlfcfcWfct**, ±12 (2 5) ICt2«0»X^A<, 
(3 4) $ 2 ©®fiBEttftJP*©-#©3£«BttftK©8tffc 
Sr9fM<D*|6]lC«^TS#e^, SS2©lSra«ffig|K:l» 
b C n t * E®58tttt ©Sfft/M T X » £^ 

wcie^SEnfcssi (D»«tt#iii«t»o«fl:s»fa©*iAi 
*ai^-rsiit^^g5[<±r-5, ±te (25) icse«©-> 

XfA, 

(3 5) StattftO^I/HZXi*?. «t-V>^> 

»A>6«l«*n*Ct*»«f«-*. ±12 (3 4) {Cf2 
IfflyXfA. 

(3 6) sBfluBs^x^i. 7^xffcaissn&. 

Cl©xwX^S:lHieS-ti--6feJ6© ;: e-5't. tVX^K 

©±»cmofttt-s»«^WL. ^©-tr^^^-r-s^ 

r'Ji't, ±>1i-A^x^±©x-^^K^IC?Bg 
c?nx^-2>«-«?Sc®*lC7^-tXT?^-&J;-5lC, U 
I'S-^-f X^*««oT^ft:6<)lC^g^7|6j!C®)^-rfc«e) 
©Ti7^3.X-^i, ^r-V'J-\'&7 ; ^X5'©jg<ICifl^ 
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&&&m&#m<Dmit'&%mzmsT±i!Bimzm 
uamtm^m^r^mi nm^m^mt, mi 
<r)®feftm&&mz®&-rz&&m&&&£&£> 
m&w&eimizmmL, m i ©i^&iHi&ig©^^ 

Hje^iStt^icjESi^ttwic^^ n^m 2 ©a£& 
$%2<D®fem&&ft®izm&Lzt\tmm 

#fitC@£T5fcfe©^K#.ft©$&AM 7X1 <h£ 

x% 

(37) xe> • w?mm&tii-t>-y-f<D%zi(Dmfe 

£g?*i£#e<JlCR urt^tfUSStlS ~ 
±12 (3 6) ICfB.tS©5^X7 • F^X*. 

(3 8) RuR^fiSttW^S^3^*?j3~6*>y 
X ha-&<DmmT-&2>Z.t&ft®.£-rz>, ±12 (3 
7) {;:f23£©7VXX • F5-<X\ 

(3 9) Xlf> • >VVj&^&$i±>V<¥ ©fgl fc^fctf 
m 2 ©S^StKftftMtfS^MtCN i - Fe^^MS 

n^et^atts, ±ie (3 6) {zmmcD^jx? 
(40) m i ^j^sts 2 ©H^attm-g^a^tc f 

e^6«fiS$n« fgl©ll5£&&tt«:®l<!:3g2©ll5£5£ 

±ge (3 6) ce*©^ 

X7 • H^-f^. 
(4 1) ^l^J;ia:m2 0|Si)t^«tt#:Bg7>s. Co. F 

e. Ni, *5±r/^-ne.(o^!!/^^^sp^eji^$n 
fc«»T?«aan. sssattw^^, ru, cr, 

D5»>A (Rh) . -fUy^A (Ir), i5<fctf-€-ne> 

fc^t-r*. ±ss (3 6) eeacoT^x* • h*?^ 
x\ 

(42) mi <D@^m^mtm2<D®f£.mmm^m 
©j? £ AnmrncT^^ct^wmt-r^. ±12 (3 

6) tCf2*S©7VX7 • H^-r^o 
(4 3) K3fi«ttWK»S^an&fBl*J:at»2 0!ft« 

±iT2 (3 6) izmWXDrjXZ • 

-fx". 

(4 4) #fiB14#X^~ tf-Jf;^ ffi, ft 



*£BH¥7- 1 6 9 0 2 6 

Sr^tlitSr^afr-S, ±12 (3 6) "CS2®©->Xt- 
A. 

(45) sicss^ftM^ x^-- v-mizmm? 
2>coo)mmz-s*jz:£&¥t®frz, ±12 (3 6) ic 

f2f(©xf X? • H5-f^. 
(4 6) SH«tt#fl>««yX<7XJB!6«. 

-5, ±S (3 6) KiEii©^ 

-<X7 • h*9-f^. 
[0 0 2 7] 

Xtf>-/SVP^MR-t>D-(CfettT. t>E 

[0i] *fgqjitf>xtf> • A*;i/^MR-fe>+nc«ffl-r5 

ifc&WfiBgllBgx-t'Xi' • K5K7©fS8S{fcLJt:7'P-.y 

[0 2] *;\-^ifcii©T^xi" h*7-r^co^ 

[03] ft*©Xfcf> • /t;^MRt>D-©»SM 
0. 

[04] 0 3©Xtf>- A\>I^MR-fe>if-£9 0g@te 
Lfc»W0. 

[0 5] *5SIU©Xfcf> • AVk7"MR-fe>1f-©»ftfi0. 
[06] ft*©X£>- A^X*MRt>1f©®flJ|S^tfg 

[07] *5!^©xtf> • A*jw^MR-fe>-y-©fiaftimm 

[08] llNi-Fe/Ru/Ni-FeiI©«Sffi 

[ft#©KW] 

1 0 ^-X 

1 1 *A- 

12 X^fKib 

1 3 ^X^>> h 

14 7?faX-? 

1 5 mfflESS?^^ 

i6 mmmTjx? 
i 7 

1 8 AX* 

1 9 ir-Zf)l 

20 XT • s<TV>if • 

2 2 7-A 

2 4 1}-X^>->3> 

2 5 h7>Xra- 

3 0 Xtf>- A*)W^MR-fe>+l- 
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(11) 
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19 

3 1 

33 mmm 

3 5 &&fiBtt#Jl 

3 7 *B 

3 9 mm&m 

4 1 ^i/H7Xiil 

5 o mmm 

6 2 mmm 

6 3 



J0 



6 5 
6 6 

6 7 

7 0 
7 2 
7 3 

7 4 

8 0 
8 2 
8 4 



F e -Mn| 



Fe-Nil 

Rui 

Fe-NiS 



[HI] 



22 24 25 20 }8 SO 



r 




/5 
-70 




[H3] 



IH4] 




«5? h 



10 



i 



0.1 - 



0.01 - 



z 



[B8] 



30ANi f© /Ru 



4i 



7 

y 



AF 

A 

/ 1 AF 



AF 



20 40 
Rc X"<-^/ScDKS (A) 



60 
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(12) 



6 9 0 2 6 



[06] 



r 



so 





-10 -5 0 5 10 15 
a* (Oe) 

3Aa(7OA)/NIFc(70A)/Cu(27A)/Kire(29A) 

/MnFe(90A)/Ru(25A) 



[07] 




-10 -5 0 5 10 15 
»#(Ce) 

Si/ToC70A)/MiFe(70A)/Cu(2/A)/NlTe(30A)/Ru(5A) 
AJIFe(J0A)/MnFe(90A)/ftu(25A) 



6264 
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